Abstract. The aim of the present study was to explore the expression of the cancer testis antigens New York-esophageal squamous cell carcinoma (NY-ESO)-1 and melanoma-associated antigen (MAGE)-A4 in high-grade soft-tissue sarcoma and to evaluate their association with the standard clinical-pathological features of surgically treated high-grade sarcoma patients. The study included 82 patients, and NY-ESO-1 and MAGE-A4 antigen expression was analyzed immunohistochemically. The results revealed NY-ESO-1-and MAGE-A4-positive staining in 58.8 and 52.9% of synovial sarcomas, and 55.6 and 0% of myxoid liposarcomas, respectively. In patients with synovial sarcoma, NY-ESO-1 and MAGE-A4 were expressed in 7 patients, only NY-ESO-1 was expressed in 3 patients, and only MAGE-A4 was expressed in 2 patients. Univariate analysis indicated that a significantly higher MAGE-A4 expression was observed in younger patients (P<0.001) and those with synovial sarcoma (P<0.001). Multivariate analysis indicated that significantly higher NY-ESO-1 expression was observed in patients with synovial sarcoma (P<0.01) and myxoid liposarcoma (P<0.01), and significantly higher MAGE-A4 expression was observed in patients with synovial sarcoma (P<0.01). In high-grade sarcomas, the 2-and 5-year overall survival rates based on Kaplan-Meier estimates were 100 and 81.3% in the NY-ESO-1-positive group, and 69.7 and 53.0% in the NY-ESO-1-negative group, respectively (P=0.049). It was also demonstrated that either NY-ESO-1 or MAGE-A4 was positive in 70.6% of synovial sarcomas. These results indicate that NY-ESO-1 and MAGE-A4 may be useful for the diagnosis of synovial sarcoma. The independent expression of NY-ESO-1 and MAGE-A4, which may help expand the pool of candidates for molecular-targeted immunotherapy, will be beneficial for synovial sarcoma patients.
Introduction
Soft-tissue sarcomas (STS) are classified into more than 100 different histologic subtypes by the World Health Organization, all of which are relatively rare (1) . Surgical excision is the most effective treatment if the tumor is resectable. Over the past few decades, neoadjuvant/adjuvant chemotherapy has been introduced to obtain a better prognosis in select sarcoma patients. In particular, in the advanced setting, chemotherapy with doxorubicin and/or ifosfamide is a common approach. However, some sarcoma subtypes are resistant to chemotherapy, and despite appropriate treatment, approximately 50% of patients die from recurrent disease. After failure of anthracycline-based chemotherapy, novel therapeutic agents such as trabectedin, eribulin and pazopanib have recently emerged and improved the progression-free/overall survival (2) . However, these therapeutic approaches have no long-term impact on the patients' survival. Thus, to improve the poor prognosis of STS, it is necessary to develop a new treatment strategy involving immunotherapy.
Cancer/testis antigen (CTA) is a category of tumor antigens with a normal expression restricted to male germ cells in the testis, not being found in adult somatic tissues. Characteristics commonly shared by CTAs, aside from the highly tissue-restricted expression profile, include their existence as multigene families, frequent mapping to chromosome X, the heterogeneous protein expression in a proportion of tumors of various types, a likely correlation with tumor progression, 3 and AKIHIRO SUDO the induction of expression by hypomethylation and/or histone acetylation, and immunogenicity in cancer patients (3) . Of note, the epitopes of CTAs are recognized by autologous T lymphocytes, which target the cancer cells. Therefore, CTAs have emerged over the last decade as a therapeutic target in cases of malignant disease (4) . Recently, the aberrant expression of New York esophageal squamous cell cancer-1 (NY-ESO-1) has been reported in a variety of neoplasms, including esophageal carcinoma, hepatocellular carcinoma, non-small cell lung cancer, and melanoma. There have been some reports of the NY-ESO-1 expression in STS. Endo reported that, among STS, myxoid liposarcomas showed the highest positivity for NY-ESO-1 (88%) (5), followed by synovial sarcomas (49%). Another study found that the NY-ESO-1 antigen was expressed in approximately 80% of synovial sarcoma patients (6).
Immunohistochemical expression and clinicopathological assessment of the cancer testis antigens NY-ESO-1 and MAGE-A4 in high-grade soft-tissue sarcoma
Robbins et al (7) performed the first-in-man clinical trial using the adoptive transfer of autologous peripheral blood mononuclear cells that had been retrovirally transduced with an NY-ESO-1-reactive T-cell receptor (TCR) to heavily pretreated patients with advanced synovial sarcoma. Eleven of 18 patients with NY-ESO-1-positive synovial sarcomas (61%) who received autologous T cells transduced with an NY-ESO-1-reactive TCR demonstrated objective clinical responses (7). However, this treatment strategy is restricted to HLA-A*0201+ patients with sarcoma showing NY-ESO-1 expression. HLA-A*0201 was found in 96.3% of Caucasian patients but in only 49.5% of Japanese patients. Thus, less than half of Japanese synovial sarcoma patients are eligible for this adoptive cell therapy targeting NY-ESO-1. Therefore, another target molecule for adoptive cell therapy is necessary (8) .
The melanoma antigen gene (MAGE) protein family is a large, highly conserved group of proteins that share a common MAGE homology domain. MAGE-A is a Type I MAGE, which are CTAs and in humans include the MAGE-A, MAGE-B, and MAGE-C subfamily members that are clustered on the X chromosome. Of note, the expression of many MAGE proteins is restricted to reproductive tissues, but they are aberrantly expressed in a wide variety of cancer types. Among MAGEs, MAGE-A4 has been found to be broadly expressed in many tumor types, including lung cancer (19-35%), breast cancer (13%), ovarian cancer (47%), colon cancer (22%), and esophageal cancer (60%) (9, 10) .
The MAGE protein family was originally discovered as antigens on tumor cells and developed as cancer immunotherapy targets. Kageyama et al (11) conducted a first-in-man Phase I clinical trial of TCR gene-transduced T-cell transfer in patients with recurrent MAGE-A4-expressing esophageal cancer. They showed that 3 of 10 patients who had minimal tumor lesions at the baseline survived for more than 27 months.
However, few reports have described the NY-ESO-1 and MAGE-A4 expression in STS. Therefore, the purpose of this study is to examine the NY-ESO-1 and MAGE-A4 expression in high-grade STS, to clarify whether or not the expression of MAGE-A4 was observed independently from that of NY-ESO-1, and to evaluate the relationship between the CTA expression and various clinicopathological features. (12) . Eleven patients received adjuvant chemotherapy, 16 received radiation therapy, 18 received both adjuvant chemotherapy and radiation therapy, and 38 received no adjuvant treatment.
Patients and methods

Patient
Clinical information was obtained by reviewing medical records. The study protocol was approved by the Ethics Committee of Mie University Hospital (Mie, Japan).
Antibodies. Monoclonal antibody against human NY-ESO-1, clone E978 (Santa Cruz Biotechnology, Inc., Dallas, TX, USA) was diluted at 1:200. The monoclonal antibodies against human MAGE-A4 MCV (Mie Cancer Vaccine)-1 and MCV-4 were generated at our university from hybridomas made by cell fusion of the mouse myeloma cell line SP2/0 and splenocytes harvested from C/B F1 mice (CLEA Japan, Inc., Tokyo, Japan) immunized with recombinant MAGE-A4 protein. MCV-1 and MCV-4 recognize amino acids 255-277 and 71-95 of MAGE-A4, respectively. MCV-1 cross-reacts with MAGE-A2, MAGE-A4, and MAGE-A12 protein, and MCV-4 covers MAGE-A1 and MAGE-A4 protein. As the secondary antibody, peroxidase-labeled anti-rabbit or anti-mouse antibody (Histofine Simplestain Max PO; Nichirei, Tokyo, Japan) was used.
Tissue preparation and immunohistochemistry. Tissues specimens were made from biopsied or surgically excised samples obtained before adjuvant treatment. The tumor samples were immediately fixed in 10% phosphate-buffered formalin after excision and embedded in paraffin. A serial section from each specimen was stained with hematoxylin and eosin (H&E) for a histologic diagnosis. The NY-ESO-1 and MAGE-A4 expression was examined via immunohistochemical staining using the streptavidin-biotinylated complex method. After neutralization with endogenous peroxidase, specimens on glass slides were preincubated with blocking serum and then incubated overnight with the primary antibody. After washing three times with phosphate-buffered saline (PBS), the specimens were incubated with peroxidase-labeled anti-rabbit or anti-mouse antibody for 30 min at room temperature. The peroxidase activity was detected with diaminobenzidine (DAB; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), and the slides were counterstained with hematoxylin. The specimens with >5% NY-ESO-1-positive tumor cells were classified as 'NY-ESO-1-positive' according to the previous study (13) . Regarding the MAGE-A4, the specimens were classified as 'positively stained' when >5% of the area of the specimens was stained in a similar fashion by both anti-MAGE antibodies (MCV-1 and MCV-4).
Statistical analyses. The chi-squared test, extended Fisher's exact test and Mann-Whitney U test were used to analyze the correlation between the CTA expression and the patient parameters, including the histopathological findings. A multivariate analysis was performed using the logistic regression model. A survival analysis was performed using Kaplan-Meier curves. The survival was compared by the log-rank test. Statistical significance was determined if the 2-sided value of a test was <0.05. Statistical analyses were performed using the IBM SPSS Statistics software program, version 22 (IBM Corp., Armonk, NY, USA).
Results
The expression of NY-ESO-1 and MAGE-A4 protein in high-grade STS patients.
Both NY-ESO-1 and MAGE-A4 protein was stained in the cytoplasm of sarcoma cells, as previously reported (11) (Fig. 1) . The tumor specimens of 16 patients (19.5%) were categorized as positively stained for NY-ESO-1. MAGE-A4 was expressed in 10 patients (12.2%). The NY-ESO-1 expression was observed in more than half of patients with synovial sarcoma (10/17, 58.8%) and myxoid liposarcoma (5/9, 55.6%), while the MAGE-A4 expression was observed in more than half of patients only with synovial sarcoma (9/17, 52.9%). The MAGE-A4 expression was not observed in patients with myxoid liposarcoma. The relationship between the histologic type and the expression of NY-ESO-1 and MAGE-A4 is summarized in Table I . In synovial sarcoma patients, both NY-ESO-1 and MAGE-A4 were expressed in seven patients, only NY-ESO-1 was expressed in three patients, and only MAGE-A4 was expressed in two patients.
Univariate and multivariate analyses investigating the correlation between the CTA expression and clinical features.
A possible association between the immunohistochemical expression of NY-ESO-1 and MAGE-A4 antigens and the clinicopathological features of sarcoma, including patients' age, sex, tumor location, tumor depth, tumor stage, tumor size, and histological tumor type (synovial sarcoma or myxoid liposarcoma), is presented in Table II . The univariate analysis indicated that a significantly higher NY-ESO-1 expression was observed in younger patients (P<0.001) and those with synovial sarcoma Table I . NY-ESO-1 and MAGE-A4 expression among the sarcoma subtypes.
Tumors examined, n/total n (%) Relationship between the patients' survival and the CTA expression. In high-grade sarcomas, the 2-and 5-year overall survival rates based on Kaplan-Meier estimates were 100 and 81.3% in the NY-ESO-1-positive group and 69.7 and 53.0% in the NY-ESO-1-negative group, respectively (P=0.049). The 2-, 5-years-overall survival rates were 90.0 and 70.0% in MAGE-A4 positive group, and 73.6 and 56.9% in MAGE-A4 negative group, respectively (P=0.457). When the histologic diagnosis was restricted to synovial sarcoma, the 2-, 5-years-overall survival rates were 100 and 80% in NY-ESO-1-positive group, and 71.4 and 71.4% in NY-ESO-1-negative group (P=0.512). The 2-, 5-years-overall survival rate of MAGE-A4 positive synovial sarcoma was 88.9 and 66.7% and those of MAGE-A4 negative synovial sarcoma were 87.5 and 87.5% (P=0.312) (Fig. 2 ). There were no significant differences between CTA expression and metastasis free survival rates/recurrent free survival rates (data not shown).
NY-ESO-1 MAGE-A4 ---------------------------------------------------------------------------------------------------------------------------------------------------
Discussion
In this study, we found that NY-ESO-1 was expressed in more than half of synovial sarcomas and myxoid liposarcomas. Furthermore, we showed that MAGE-A4 was expressed in more than half of synovial sarcomas. The expression of MAGE-A4 was not observed in other types of STS, including myxoid liposarcomas. This specific expression of MAGE-A4 in the synovial sarcoma has not been described in previous reports. Either NY-ESO-1 or MAGE-A4 was positive in 70.6% of synovial sarcomas. Jungbluth et al (14) first investigated the NY-ESO-1 expression in synovial sarcoma and found that 80% (20/25) of samples expressed NY-ESO-1. Recently, Endo et al (5) and Lai et al (6) reported that the NY-ESO-1 gene expression was observed in approximately 49-76% of synovial sarcoma tissue samples. Previous studies reported the NY-ESO-1 expression in 88-100% of myxoid liposarcomas; these results were based on sample sizes ranging from 25 to 158 cases (15, 16) . Our study revealed that 10 of 17 (58.8%) untreated synovial sarcoma and 5 of 9 (55.6%) untreated myxoid liposarcomas were positive for NY-ESO-1. Our data concerning the NY-ESO-1 expression in STS are almost identical to the previously reported findings.
Recently, Iura et al (17) showed that MAGE-A4 was expressed in 89 of 108 (82%) synovial sarcoma patients. However, there seems to be a difference in the rate of the MAGE-A4 expression between our study (52.9%) and Iura's (82%). This may be due to differences in the antibodies used in the immunostaining. Because we were unable to obtain stable results with several commercially available antibodies against MAGE-A4 protein, we generated two types of monoclonal antibodies against human MAGE-A4: MCV-1 and MCV-4. MCV-1 and MCV-4 recognize amino acids 255-277 and 71-95 of MAGE-A4, respectively. Since the MAGE-A family consists of 12 members (1.2B, 3,4,5,6,7,8,9,10,11,12), the cross-reactivity was strictly checked. MCV-1 cross-reacted to MAGE-A2, MAGE-A4, and MAGE-A12 protein, while MCV-4 cross-reacted to MAGE-A1 and MAGE-A4 protein.
We therefore carefully observed the specimens and defined 'positive staining' as the sample being stained with both antibodies. We suspect that the cross-reactivity of the antibody may have led to the high positive rate of MAGE-A4 expression in Iura's report. To our knowledge, there have been no reports about the MAGE-A4 expression in various types of STS. We showed for the first time that MAGE-A4 was expressed in more than half of synovial sarcoma patients, although these results were limited to this particular lesion.
The univariate analyses showed that the age of the patients was a factor significantly correlated with the expression of NY-ESO-1. However, this finding is due to tendencies associated with each specific type of sarcoma, as the NY-ESO-1-positive group contained many young patients with synovial sarcoma. Of note, the multivariate analyses showed that the expression of NY-ESO-1 were correlated with only synovial sarcoma and myxoid liposarcoma. These results suggest that immunohistochemical staining of NY-ESO-1 and MAGE-A4 is useful for the diagnosis of synovial sarcoma and myxoid liposarcoma.
In synovial sarcoma patients, both NY-ESO-1 and MAGE-A4 were expressed in seven patients, only NY-ESO-1 was expressed in three patients, and only MAGE-A4 was expressed in two patients. The expression of either NY-ESO-1 or MAGE-A4 was observed in 70.6% of synovial sarcoma patients. These findings suggest that NY-ESO-1 and MAGE-A4 are regulated under different as-yet-unidentified mechanisms and are independently expressed in synovial sarcoma cells. The independent expression of NY-ESO-1 and MAGE-A4, which may help expand the pool of candidates for molecular-targeted immunotherapy, will be beneficial for synovial sarcoma patients.
In high-grade sarcomas, the overall survival rate was significantly better in patients with NY-ESO-1-positive tumors than in those with NY-ESO-1-negative tumors. A tendency toward a favorable prognosis was found in MAGE-A4-positive patients compared with MAGE-A4-negative patients. These findings are most likely due to the fact that the NY-ESO-1-positive and MAGE-A4-positive groups contained high proportions of synovial sarcoma patients and myxoid liposarcoma patients with relatively good prognoses. Among synovial sarcoma patients, those with NY-ESO-1-positive lesions tended to have a more favorable prognosis than those with NY-ESO-1-negative lesions. The expression of NY-ESO-1 may induce the activation of T cell activity, leading to an anti-tumor response. Moreover, expression of human leukocyte antigen (HLA) class I and tumor infiltrating lymphocyte (TIL) are important. Downregulation of HLA class I was associated with poor CD8 + infiltration and unfavorable prognosis with Ewing's sarcoma (18) . HLA class I expression was associated with improved overall and event-free survival compared to HLA class I-negative osteosarcoma which underscores the importance of the immune systems response to sarcoma (19) . Since CD8 + lymphocytes can kill tumor cells presenting tumor associated antigen, CD8 + lymphocytes are essential for adaptive tumor immunity. As a result, a high infiltration of CD8 + TILs has a positive impact on the clinical course of many types of cancer (20) . Fujii et al (21) reported that a higher infiltration of CD8 + lymphocytes was associated with a favorable prognosis and correlated with distant metastasis-free survival in patients with angiosarcoma. Oike et al (22) reported that negative expression of HLA class I showed a trend toward lower CD8 + infiltration and unfavorable prognosis with synovial sarcoma patients. In the current study, the infiltration of TIL and HLA class I expression were not assessed. Further study is necessary to clarify the relationship between NY-ESO-1/MAGE-A4 expression and intra-tumoral immunologic status.
In contrast, among synovial sarcoma patients, those with MAGE-A4-negative lesions tended to have a more favorable prognosis than those with NY-ESO-1-positive lesions. The MAGE-A4 expression has been reported to correlate with a poor prognosis in many tumor types, including non-small cell lung carcinoma and bladder cancer. (9, 23, 24) . Doyle et al (25) showed that a defining biochemical function of MAGEs is their ability to bind to specific E3 RING ubiquitin ligases through their MHDs. Thus, the aberrant expression of MAGEs in tumor cells can lead to changes in cellular processes and signaling pathways through ubiquitination, along with other activities, which may contribute to tumorigenesis.
This study has several limitations that need to be discussed. First, this was a retrospective study; as such, there may have been a selection bias when enrolling patient. Second, the current series included various stages and sarcoma subtypes. Future investigations should focus on synovial sarcomas and mxyoid liposarcoma. Third, given the small number of samples tested in the current study, larger numbers of STS patients are required to determine the clinical implications of the CTA expression.
Although the number of cases was small in our study, the present findings are the first to suggest that MAGE-A4 may be an attractive target for adoptive T cell therapy in synovial sarcoma patients. A large, prospective cohort study should be conducted in the future.
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